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ABSTRACT 


Plots  of  gamma,  exposure  rates  due  to  ground  contamination  follow- 
ing nuclear  detonations  were  readily  obtained  by  using  a standard 
radiac  instrument  and  employing  simple  techniques  in  a rapid  aerial 
surrey  utilizing  li^.t  aircraft.  This  surrey  consisted  of  recording 
exposure  rates  every  five  seconds  on  each  leg  of  a cloverleaf  pattern 
centered  over  ground  zero  to  obtain  the  fallout  pattern  and  then  taking 
readings  over  ground  zero  at  several  different  altitudes  for  use  in 
plotting  an  extrapolation  curve.  With  this  curve  all  data  obtained  in 
the  air  were  converted  to  surface  exposure  rates. 

Standard  extrapolation  curves  should  be  prepared  for  each  type  of 
burst  based  on  data  accumulated  from  aerial  surveys.  With  the  data 
obtained  on  this  operation,  a standard  extrapolation  curve  was  devel- 
oped for  near  surface  bursts.  This  curve  provides  an  approximate  means 
of  converting  to  surface  exposure  rates  after  obtaining  data  at  only 
one  altitude  and  should  be  used  when  specific  extrapolation  data  is  not 
available.  However  conversion  factors  obtained  by  making  vertical 
descents  over  key  areas  are  more  accurate. 

Helicopters  are  preferred  to  conventional  aircraft.  Pseudo-loga- 
rithmic scaled  instruments  are  more  suitable  than  linear  scaled  instru- 
ments. It  is  desirable  to  record  the  data  with  a pencil  rather  than 
to  use  a more  complicated  recording  system.  A predetermined  correction 
factor  is  adequate  to  correct  for  the  attenuation  of  gamma  radiation 
by  light  aircraft. 

Aerial  surveys  are  relatively  brief  and  since  they  are  conducted 
at  altitudes  where  the  radiation  is  greatly  attenuated,  the  monitors 
receive  only  a small  percentage  of  the  exposure  they  would  receive 
conducting  an  equivalent  ground  survey.  The  results  agree  within  a 
factor  of  ten  with  those  obtained  by  the  Bad-Safe  ground  survey  teams. 
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FOEEWOHD 


This  report  is  one  of  the  reports  presenting  the  results  of  the 
?8  projects  participating  in  the  Military  Effects  Tests  Program  of 
Operation  UPSHOT-KNOTHOLE,  which  included  11  test  detonations.  For 
readers  interested  in  other  pertinent  test  information,  reference  is 
made  to  WT-782,  Summary  Report  of  the  Technical  Director.  Military 
Effects  Program.  This  summary  report  includes  the  following  informa- 
tion of  possible  general  interest. 


a. 


An  over-all  description  of  each  detonation,  including  yield, 
height  of  hurst,  ground  zero  location,  time  of  detonation, 
ambient  atmospheric  conditions  at  detonation,  etc.,  for  the 
11  shots. 


b.  Compilation  and  correlation  of  all  project  results  on  the 

basic  measurements  of  blast  and  shock,  thermal  radiation,  and 
nuclear  radiation. 


c.  Compilation  and  correlation  of  the  various  project  results  on 
weapons  effects. 


d.  A summary  of  each  project,  including  objectives  and  results. 


e.  A complete  listing  of  all  reports  covering  the  Military  Ef- 
fects Tests  Program. 


1 


% 


.Mini 

\Jliuli  .Ova  it-" 


CONTENTS 


ABSTRACT  3 

FOREWORD  5 

ILLUSTRATIONS  8 

TABLES 8 

CHAPTER  1 INTRODUCTION  9 

1.1  Objective 9 

1.2  Background 9 

CHAPTER  2 INSTRUMENTATION  AND  OPERATIONS 10 

2.1  Equipment  Systems 10 

2.2  Radiac  Instruments 10 

2.3  Attenuation  By  Aircraft 10 

2.4  Former  Survey  Techniques  10 

CHAPTER  3 RESULTS  AND  DISCUSSION 12 

3.1  Helicopters 

3.2  Extrapolation  Factors  .12 

3.3  Special  Techniques 13 

3*4  Airborne  Radioactive  Contamination 13 

3.5  Evaluation  of  Equipment  Systems 13 

3.6  Evaluation  of  Radiac  Instruments 13 

3.7  Gamma  Absorption  by  Aircraft .14 

3.8  Suspended  Probe  Devices 15 

3.9  Data  Presentation 15 

CHAPTSR  4 CONCLUSIONS  AND  RECOMMENDATIONS 19 

4.1  Conclusions 

4.2  Recommendations 


9 ^ « **•  *]  tj  f* r * **  ’ ? * 


* - - w i V w* 


-•4  AamaJ 


APPENDIX  A tiata  AND  CALCULATIONS  FOB.  A NEAB  SUBFACE  BUBST  .....  21 


A.l  Calculations 


21 


illustbations 


3.1  Extrapolation  Curves  for  Near  Surface  Bursts  

3.2  Altitude  vs  Conversion  Factor  and  Altitude  ts  Exposure 

Bate  for  Near  Surface  Bursts 

3.3  Iso-rate  Contours,  Shots  2,  7.  8*  an<*  9 

3.4  Iso-rate  Contours,  Shot  10  


15 

16 

17 

18 


TABLES 


3.1  Film  Badge  Locations  vs  Exposure  for  HBS-2  Helicopter  . . . . 14 

A.l  Altitude  vs  Conversion  Factor  21 

A. 2 Altitude  vs  Aggregate  Correction  Factor  .....22 


A.  3 Aerial  Badiological  Survey  Data  Sheet ....23 

A.4  Surface  Exposure  Bates  24 


im 

UliUi 


f I 

< WLriuoij  iti, 


* C WiriPIIITHM.  j 


V.  , . J /- 

■ j, 


worn 

j'jii  111) 


CHAPTER  1 

INTRODUCTION 


1.1  OBJECTIVE 


The  object  was  to  further  simplify  and  develop  the  techniques 
used  in  performing  a rapid  aerial  radiological  survey  that  were  em- 
ployed during  JANGLE  and  SNAPPER,  1,  2.  Furthermore  it  was  proposed 
that  an  empirical  extrapolation  curve  for  near  surface  bursts  be  deve- 
loped from  data  taken  at  UPSHOT— KNOTHOLE. 

1.2  BACKGROUND 


The  basic  techniques  for  performing  a rapid  aerial  survey  were 
developed  during  JANGLE  and  SNAPPER.  On  J ANGIE  it  was  shown  that  expo- 
sure rates  obtained  using  a simple  radiac  instrument,  DC  amplifier, 
and  recorder  and  then  adjusted  to  ground  values  by  means  of  an  extrapo- 
lation curve  agreed  with  values  obtained  on  the  ground  sufficiently 
well  to  warrant  further  testing.  On  SNAPPER  the  DC  amplifier  and  re- 
corder was  replaced  by  a stopwatch,  data  sheet,  and  pencil.  It  was 
suggested  that  a radiac  instrument  with  a logarithmic  scale  be  used  to 
avoid  the  loss  of  data  resulting  from  scale  switching.  The  monitoring 
personnel  were  limited  to  a total  exposure  of  3*9  r for  ihe  entire 
operation.  As  a result  the  surveys  were  performed  at  higher  altitudes 
than  might  be  necessary  under  tactical  conditions. 


^■Project  6.1,  Operation  JANGLE,  WT-337,  Evaluation  of  Military 
Radiac  Equipment  (Confidential) 

^Project  6.1,  Operation  SNAPPER,  WT-532,  Evaluation  of  Military 
Radiac  Equipment  (Confidential) 
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CHAPTER  2 


INSTRUMENTATION  AND  OPERATIONS 


2.1  EQUIPMENT  SYSTEMS 

Two  equipment  systems  were  compared  during  the  coarse  of  thi6 
operation: 

1.  The  output  of  a modified  Eadiac  Training  Set  AN/PDR  TIB  was 
fed  through  a DC  amplifier  into  an  Esterline  Angus  recorder  comprising 
the  electromechanical  recording  system. 

2.  A standard  radiac  set  was  used  in  conjunction  with  a stop- 
watch data  sheet,  and  a pencil  comprising  the  manual  recording  system. 

2.2  BAPIAC  INSTRUMENTS 

Two  sets  with  psuedo-logarithmic  scales,  the  IM-71  the  AN/ 
PDEr.32,  and  two  sets  with  linear  scales,  the  AN/PDR- 39  and  the  AN /P DR- 
18  were  used  to  determine  whether  linear  or  logarithmic  scaled  radiac 
instruments  are  more  sui table  for  conducting  an  aerial  survey. 

2.3  ATTENUATION  BY  AIRCRAFT 

An  effort  was  made  to  determine  the  influence  of  the  aircraft  on 
radiac  instrument  readings  taken  inside.  Pilm  badges  were  placed  at 
various  locations  opposite  one  another  on  the  interior  and  exterior  of 
a USAF  C-45  and  a Marine  HRS-2  Helicopter,  which  is  identical  to  the 
Army  H-19.  The  ratio  of  the  total  exposures  provided  a correction 
factor  for  the  observed  readings. 

2.4  FORMER  SURVEY  TECHNIQUES 

The  techniques  of  JANGLE  and  SNAPPER  were  employed  for  two 
events.  A C-45  aircraft  entered  the  contaminated  area  at  about  500 
feet-  and  circled  around  ground  zero  about  ^ mile  away  to  select  a 


■^Project  6.8,  Operation  UPSHOT-KNOTHOLE,  WT-755,  Evaluation  of 
Military  Radiac  Equipment  (Confidential) 
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landmark  at  or  near  ground  zero  as  a datum  point  and  to  ascertain  the 
direction  of  maximum  fallout.  The  approximate  level  of  contamination 
was  noted  and  the  altitude  of  operation  was  decided  upon. 

The  aircraft  then  flew  a cloverleaf  pattern  centered  over  the 
datum  point  at  three  different  altitudes  (see  Fig.  3*^)«  The  first 
leg  of  the  cloverleaf  patterns  passed  over  the  datum  point  in  the  di- 
rection of  maximum  fallout.  Air  speed,  direction  and  altitude  were 
kept  constant  on  each  leg  of  the  pattern. 

Monitors  in  the  aircraft  obtained  data  by  using  the  mechanical 
recording  system  and  by  writing  exposure  readings  on  a data  sheet 
every  five  seconds.  A notation  was  made  on  the  data  sheet  as  the  plane 
passed  over  the  datum  point. 

The  distance  away  from  the  datum  point  was  obtained  by  multiply- 
ing the  speed  of  the  aircraft  by  the  time  between  readings.  Correc- 
tions for  wind  velocity  were  not  made,  although  it  may  be  desirable  to 
make  such  corrections  under  some  circumstances.  Equivalent  ground 
data  were  obtained  by  extrapolating  from  data  taken  at  three  different 
altitudes. 

The  T~l*2  decay  law  was  considered  applicable  and  was  used  to 
adjust  the  data  from  survey  time  to  other  times  of  interest.  The  data 
were  plotted  on  polar  coordinate  paper  and  contour  lines  were  drawn. 
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CHAPTER  3 

RESULTS  AND  DISCUSSIONS 


3.1  HELICOPTERS 


Simplifications  of  the  aerial  survey  brought  into  use  a Marine 
HRS-2  Helicopter  and  an  Army  H-23  Helicopter.  The  helicopter  flew  a 
cloverleaf  pattern  at  one  altitude  only,  substituting  a vertical  de- 
scent or  its  equivalent  for  additional  surveys  at  other  altitudes. 

It  was  found  that  most  accurate  extrapolation  data  was  obtained  by 
making  the  descent  in  100  ft.  intervals  on  each  leg  of  a figure  ei^it 
pattern  that  criss-crossed  over  a reference  point.  Conventional  air- 
craft may  be  used  to  obtain  extrapolation  data  in  this  manner  but  they 
are  not  as  suitable  as  helicopters.  Using  this  method,  the  survey  re- 
quired less  time,  the  data  was  evaluated  more  rapidly  and  the  monitor- 
ing personnel  received  less  gamma  dosage.  The  C-45  and  the  HRS-2  are 
larger  than  the  H-23  and-  have  a greater  range  but  it  was  difficult  for 
the  monitor  to  coordinate  with  the  pilot  during  the  survey.  Since  the 
cruising  speed  of  the  helicopters  was  about  half  that  of  the  C-45,  the 
monitor  was  able  to  obtain  twice  the  number  of  readings  which  improved 
the  accuracy  of  the  survey.  The  H-23  provided  the  monitor  with  the 
additional  advantages  of  greater  visibility  and  better  coordination 
with  the  pilot  since  they  were  seated  side  by  side. 

3.2  EXTRAPOLATION  FACTORS 


Because  of  the  difficulties  in  locating  the  relative  positions 
of  surveys  taken  at  three  altitudes,  the  extrapolation  factors  so  de- 
rived may  be  inaccurate.  A vertical  descent  results  in  an  extrapola^- 
tion  factor  which  is  more  accurate  in  the  region  from  which  it  was 
obtained.  However,  it  may  not  be  as  accurate  in  other  regions  since 
the  measurements  are  influenced  by  the  entire  contaminated  area  lo- 
cated near  the  detector  and  not  Just  the  area  directly  below.  A con- 
taminated area  will  raise  the  radiation  rates  above  adjacent  areas 
more,  proportionally,  than  it  will  raise  the  radiation  rates  on  the 
surface.  This  results  because  the  surface  areas  are  partially  shielded 
by  the  uneven  terrain  and  because  the  radiation  must  be  scattered 
through  greater  angles  to  affect  the  surface  rates.  Consequently  the 
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extrapolation  factor  obtained  from  the  data  gathered  above  a small 
highly  contaminated  area  will  often  be  too  large  for  the  adjacent 
areas  with  less  contamination.  It  is  desirable  therefore  to  obtain 
more  than  one  extrapolation  factor.  For  example,  one  factor  may  be 
obtained  for  the  area  near  ground  zero  and  another  for  the  downwind 
fallout  area  or  one  factor  may  be  obtained  in  the  100  r/hr  region  and 
another  near  the  1 r/hr  region. 

In  order  to  limit  the  dosage  of  nonitoring  personnel  to  tolera- 
ble levels  or  to  make  the  survey  move  rapidly,  it  may  be  necessary  to 
eliminate  the  vertical  descents  altogether.  Figure  3.1  shows  that  the 
extrapolation  curves  obtained  on  UPSHOT-KNOTHOLE  are  essentially  lin- 
ear when  plotted  on  semi-logarithmic  paper.  Taking  an  average  curve 
and  plotting  its  reciprocal  as  shown  in  Figure  3.2,  we  obtain  a stan- 
dard extrapolation  curve  which  may  be  used  if  specific  extrapolation 
data  is  not  available. 

3.3  SPECIAL  TECHNIQUES 

Headings  were  taken  over  landmarks  such  as  road  crossings,  mo- 
tels, and  bridge  structures  and  entered  on  data  sheets  or  directly  on 
maps  showing  these  features.  These  landmarks  provided  additional 
datum  points  for  locating  the  survey  pattern.  The  aerial  surveys  were 
performed  at  the  lowest  altitudes  possible  commensurate  with  Ead-Safe 
considerations.  In  areas  of  light  contamination  the  helicopters  de- 
scended to  25  ft.  and  obtained  readings  near  landmarks. 

3.4  AIKBQBNE  RADIOACTIVE  CONTAMINATION 

Most  contaminated  particles  in  a radioactive  cloud  rise  to  con- 
siderable height  and  thus  the  fallout  extends  over  an  appreciable 
time.  An  aerial  survey  conducted  during  the  first  few  hours  after  a 
detonation  may  be  adversely  affected  by  contaminants  suspended  in  air. 
However,  these  particles  disperse  and  decay  rapidly  so  that  after  a 
few  hours  errors  in  survey  resulting  from  non-uniform  distribution  of 
airborne  contaminants  are  probably  small.  Interference  from  airborne 
contaminants  may  be  minimized  by  performing  the  survey  immediately 
before  the  results  are  required. 

3.5  EVALUATION  OF  EQUIPMENT  SYSTEMS 

The  results  obtained  on  Shot  1 and  Shot  2 substantiated  the  con- 
clusions reached  at  SNAPPER  that  the  radiac  set  and  stopwatch  method 
is  preferred  to  the  radiac  set,  DC  amplifier,  and  recorder  method. 

The  manual  method  o ^recording  data  requires  equipment  which  is  read- 
ily available  and  results  in  data  which  can  be  easily  interpreted 
with  little  difference  in  the  overall  accuracy. 

3.6  EVALUATION  OF  RADIAC  INSTRUMENTS 

Radiac  instruments  used  in  aerial  surveys  must  be  able  to  cover 
a wide  variation  in  exposure  rates  very  quickly.  The  AN/PDR-39  and 
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the  AN/PLR-18  were  used  as  representative  of  those  instruments  with 
linear  scales.  Since  the  scale  covers  only  one  decade  it  is  necessary 
to  switch  scales  when  the  readings  are  changing  rapidly.  The  time 
required  for  scale  switching  and  the  transient  currents  produced  by 
scale  switching  are  of  such  duration  that  important  data  are  often 
missed.  The  IM-71/PD  and  the  AH/PDR-32  (XE-3)  were  chosen  as  repre- 
sentative of  those  instruments  with  psuedo-logarithmic  scales.  These 
instruments  proved  to  be  satisfactory  in  that  they  covered  four  or 
five  decades  of  exposure  rates  on  one  scale  and  that  the  time  constants 
of  the  instruments  were  adequate  for  the  speeds  involved  with  light 
aircraft.  The  IM-71/PD  and  the  AN/PDR-82  (XE-3)  had  the  added  attrac- 
tion of  being  smaller  and  lighter  than  the  other  types  of  radiac  i&- 
struments. 

3.7  GAMMA  ABSORPTION  BY  A1RCRA IT 


Table  3»1  presents  the  exposure  readings  obtained  from  film 
badges  placed  at  various  locations  on  a survey  aircraft.  The  reduc- 
tion in  exposure  rate  is  dependent  on  the  location  of  the  radiac  set. 

In  order  to  provide  a correction  for  this  factor,  dosimeters  were 
mounted  near  the  radiac  set,  one  inside  the  aircraft,  another  outside. 
The  ratio  of  the  total  exposures  provided  a correction  factor  for  the 
radiacmeter  readings  within  the  limitations  of  the  relative  responses 
of  the  dosimeter  and  the  survey  meter.  This  correction  factor  may  also 
be  determined  experimentally  by  holding  a survey  instrument  at  arms 
length  outside  of  a helicopter  or  by  landing  in  a lightly  contaminated 
area  and  taking  readings  inside  and  outside  of  the  helicopter.  It  may 
be  desirable  to  determine  this  factor  experimentally  for  survey  air- 
craft and  to  apply  this  predetermined  factor.  This  factor  however 
may  be  a function  of  the  type  of  weapon  and  detonation  because  of 
differences  in  spectral  quality. 


TABLE  3.1  - Film  Badge  Locations  vs  Exposure  for  HBS-2  Helicopter 


Outside 

— 

Exp.  (r) 

Inside 

Exp.  (r) 

Left  Front 

2.4 

Left  Front 

1.5 

Left  Bear 

2.3 

Left  Bear 

1.2 

Bight  Front 

2.6 

Bight  Front 

1.2 

Bight  Bear 

3.0 

Bight  Bear 

1.4 

Bight  Side  Hear 

2.0 

Right  Side  Hear 

1.8 

Right  Side  Front 

1.6 

Bight  Side  Front 

1.4 

Left  Side  Bear 

2.2 

Left  Side  Bear 

2.0 

Left  Side  Front 

2.2 

Left  Side  Front 

2.0 

Bight  Tail 

1.8 

Left  Tail 

1.9 

Hose 

2.3 

. 4 .ft  X \ 
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3.8  SUSPENDED  PHOBB  DEVICES 


I m Jl^npn 

Ui  iuLi  \0  jli  ii mU 


A moderately  contaminated  area  may  be  surveyed  by  suspending  a 
probe  from  a low  flying  helicopter  to  within  a few  feet  of  the  surface. 
A probe  used  in  conjunction  with  a long  cable  and  a reel  may  also  be 
of  value  in  obtaining  extrapolation  data  on  high  altutude  surveys.  The 
effects  of  absorption  and  scattering  by  aircraft  would  be  eliminated. 
However  under  tactical  conditions  these  advantages  may  be  offset  by 
the  complications  arising  from  the  special  equipment  required  and  the 
additional  survey  problems  encountered. 

3.9  DATA  PRESENTATION 


Figures  3*3  and  3*^  compare  the  radiological  contours  obtained 
from  the  aerial  surveys  with  those  obtained  from  the  Had-Safe  ground 
surveys  for  Shots  2,  7,  8,  9,  and  10.  There  was  no  participation  on 
the  other  events.  It  is  evident  that  the  aerial  surveys  give  iso- rate 
contours  of  the  proper  shape  and  that  the  exposure  rate  values  are 
accurate  within  a factor  of  ten. 

Appendix  A presents  the  raw  data  from  Shot  10  and  carries  out 
the  analysis  step  by  step  that  results  in  the  finished  contour  map 
presented  in  Figure  3.^4-. 
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CHAPTER  4 

CONCLUSIONS  AND  RECOMMENDATIONS 


4.1  CONCLUSIONS 

An  aerial  radiological  survey  results  in  iso-rate  contour  which 
agrees  within  a factor  of  ten  with  those  obtained  on  a ground  survey. 
Helicopters  are  more  suitable  than  conventional  aircraft  for  perform- 
ing the  survey  because  of  their  glower  speeds  and  greater  maneuvera- 
bility. A survey  performed  at  a low  altitude  is  more  reliable  than 
one  performed  at  a higher  altitude.  Maps  and  landmarks  were  used  ef- 
fectively to  locate  the  aircraft  position. 

An  aerial  survey  performed  at  one  altitude  together  with  extra- 
polation data  gives  results  as  good  as  those  obtained  by  repeating 
the  survey  at  two  other  altitudes.  The  one  level  survey  requires 
less  time  and  results  in  data  which  may  be  more  readily  evaluated. 

The  most  accurate  extrapolation  data  were  obtained  by  descending  in 
100  feet  intervals  on  each  leg  of  a figure  eight  pattern  that  criss- 
crossed over  a reference  point.  It  is  desirable  to  obtain  conversion 
factors  in  key  areas  such  as  the  ground  zero  area,  the  downwind  fall- 
out area,  the  100  r/hr  region,  and  the  1 r/hr  region.  However,  stand- 
ard extrapolation  curves  provide  conversion  factors  which  may  be 
adequate  under  many  circumstances. 

A manual  method  of  recording  data  is  preferred  to  an  electro- 
mechanical method.  Badiae  sets  with  psuedo-logarithmic  scales  are 
preferred  to  instruments  with  linear  scales.  An  easily  obtained  ex- 
perimental factor  is  adequate  to  correct  for  absorption  of  radiation 
by  light  aircraft. 

4.2  RECOMMENDATIONS 

It  is  recommended  that  simple  aerial  radiological  survey  tech- 
niques be  considered  for  use  as  standard  tactical  doctrine.  The  sur- 
veys should  be  performed  at  the  lowest  altitude  commensurate  with  Bad- 
Safe  considerations  using  helicopters  when  possible.  A portion  of  the 
survey  should  be  performed  hovering  just  over  the  ground.  The  radia- 
tion rates  near  physical  features  and  landmarks  should  be  recorded  on 
the  data  sheet  or  directly  onto  a map  if  possible.  The  high  altitude 


portion  of  the  survey  should  be  performed  at  one  elevation.  Conversion 
factors  obtained  by  making  descents  over  key  areas  should  be  used  to 
calculate  surface  exposure  rates.  However,  standard  extrapolation 
curves  provide  average  conversion  factors  which  may  be  used  if  specif- 
ic extrapolation  data  are  not  available.  Standard  extrapolation  curves 
should  be  prepared  for  each  type  of  burst  based  on  data  accumulated 
from  aerial  surveys. 

It  is  recommended  that  instruments  with  psuedo-logarithmic  scales 
be  used.  A predetermined  correction  factor  should  be  used  under  tac- 
tical conditions  to  compensate  for  the  absorption  and  scattering  of 
gamma  radiation  by  ligit  aircraft. 
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APPENDIX  A 


DATA  AND  CALCULATIONS  FOR  A NEAR  SURFACE  BURST 


A.l  CALCULATIONS 

The  exposure  rates  listed  in  Table  A. 3 are  averages  of  two  read- 
ings recorded  three  hours  after  Shot  10.  The  following  steps  were 
performed  to  convert  this  raw  data  into  a finished  radiological  contour 
map. 

1.  A factor  to  correct  for  aircraft  attenuation  was  computed 
from  readings  of  film  badges  placed  inside  and  outside  the  aircraft 
near  the  radiac  instrument. 


Aircraft  shielding  correction  factor 


(A.l) 


2.  For  purposes  of  this  report  it  was  desirable  to  compare  the 
aerial  survey  taken  at  H / 3 hours  to  the  Rad-Safe  initial  ground  sur- 
vey taken  at  H / hours.  Therefore  the  readings  were  multiplied  by 
a correction  factor  determined  by  the  T-1.2  decay  relationship.  This 
factor  may  be  obtained  from  a prepared  curve  or  computed  as  follows? 

— le  2 

(r/hr  at  T^-^r/hr  at  T^^lj  * (A.  2) 

(r/hr  at  1.5  hrs)«(r/hr  at  3 hrs * (A.  3) 


Time  correction  factor  * 2.3 


(A.h) 


3.  a.  Since  extrapolation  data  were  not  taken  on  this  shot  a 
factor  was  obtained  from  the  standard  extrapolation  curve  shown  m 
Tig.  3.2  to  adjust  the  aerial  data  to  surface  rate  values. 

TABUS  A.l  - Altitude  vs.  Conversion  Factor 


Altitude  (ft) 


Conversion  Fhctor 


n - * 


1).  On  shots  that  extrapolation  data  were  taken,  they  were 
plotted  on  semi-logarithmic  paper.  A curve  was  drawn  through  the 
points  and  extended  to  zero  altitude  as  shown  in  Pig.  J.l.  The  ratio 
of  the  exposure  rate  at  zero  altitude  to  the  exposure  rate  at  the  al- 
titude where  the  data  was  taken  provided  the  required  conversion  fac- 
tor. 

4.  Lumping  the  three  factors  calculated  above,  factors  were 
obtained  which  converted  the  readings  taken  inside  the  aircraft  at 
H / 3 hours  at  altitudes  of  275  and  325  feet  to  estimated  surface  rate 
values  at  H / 1^  hours. 

TABLE  A.2  - Altitude  vs.  Aggregate  Correction  Factor 


Altitude  (ft) 

Aggregate  Correction  Ihctor 

275 

325 

2.1  x 2.3  x 2.6  = 13 

2.1  x 2.3  x 3.1  = 15 

Multiplying  the  data  in  Table  A. 3 by  the  above  correction  factors,  the 
data  contained  in  Table  A. 4 were  obtained. 

5.  The  various  columns  of  Table  A. 4 were  aligned  with  respect 
to  ground  zero  and  the  computed  distance  from  ground  zero  was  substi- 
tuted in  place  of  time. 


120  mph  a 380  ft/5  sec. 
135  mph  » 990  ft/5  sec. 


(A.  5) 
(A.  6) 


6.  The  exposure  rates  contained  in  Table  A.4  were  then  plotted 
on  polar  coordinate  paper  and  gamma  iso-rate  contours  were  drawn. 
Figure  3*4  shows  this  plot  together  with  the  Bad-Safe  ground  survey 
i so-rate  contour  map.  The  cloverleaf  pattern  flown  by  the  aircraft  is 
also  shown  together  with  the  adjusted  data. 


TABLE  A. 3 - Aerial  .Radiological  Survey  Data  Sheet 


Shot  10, 

, Time:  H -f  3 Hours 

Airspeed  (mph) 

120 

ESI 

■u 

135 

Altitude  (ft) 

325 

ca  ■ 

275 

Bearing  (°) 

75 

EH 

30 

Exposure 

Exposure 

Exposure 

Exposure 

Time  (sec) 

Hate  (r/hr) 

Bate  (r/hr) 

Bate  (r/hr) 

Hate  (r/hr) 

5 

0.01 

0.01 

0.03 

0.01 

10 

0.1 

0.15 

0.1 

0.1 

15 

1.0 

2.0 

0.5 

3.0 

20 

15.0 

45.0 

6.0 

50.0 

50  G2** 

60  G2** 

25 

50  G2* 

45.0 

1+5.0 

1+0.0 

30 

7.0 

1.0 

60.0  02* 

2.0 

35 

7.0 

0.15 

25.0 

0.2 

40 

0.7 

0.01 

5.0 

0.01 

45 

0.1 

1.0 

50 

0.1 

55 

0.01 

Beading  of  film  badge  placed  outside  of  aircraft  1.5r 
Reading  of  film  badge  placed  inside  of  aircraft  0.7r 

•Reading  taken  over  ground  zero. 

••Reading  taken  over  ground  zero  about  half-way  between 
the  5 second  intervals. 
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TABU.  A. 4 - Surface  Exposure  Bates 


Shot  10,  Time:  H / lA  Hours 


Airspeed  (mph) 
Altitude  (ft) 
Bearing  (°) 

120 

325 

75° 

120 

325 

300° 

Airspeed  (mph) 
Altitude  (ft) 
Bearing  (°) 

135 

275 

165° 

135 

275 

300 

Distance 
From  GZ 
(ft) 

Exposure 

Bate 

(r/hr) 

Exposure 

Bate 

(r/hr) 

Distance 
From  GZ 
(ft) 

Exposure 

Bate 

(r/hr) 

Exposure 

Bate 

(r/hr) 

0.15 

1.5 

15.0 

225.0 

750.0 

105.0 
105.0 

10.5 
.5 


0.15 

2.3 

30.0 

675.0 

750.0 

675.0 

15.0 

2.3 

0.15 


0.39 

1.3 

6.5 

78.0 

580.0 

780.0 

325.0 

65.0 

13.0 

1.3 

0.13 


0.13 

1.3 

39.0 

650.0 

780.0 

520.0 

26.0 
2.6 
0.13 
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Albany  Street,  Cambridge  39.  Maas.  ATTN:  CRQST-2 
163-165  Commander,  Air  Force  Special  Weapons  Center,  Kirtland 
AFB,  N.  Mex.  ATTN:  Library 

I60  Commandant,  USAF  Institute  of  Technology,  Wright- 
Patterson  AFB,  Dayton,  0.  ATTN:  Resident  College 

167  Commander,  Lowry  AFB,  Denver,  Colo.  ATTN : Department 

of  Armament  Training 

168  Commander,  1009th  Special  Weapons  Squadron,  Head- 

quarters, USAF,  Washington  25,  D.C. 

169-170  The  RAND  Corporation,  1700  Main  Street,  Santa  Monica, 
Calif.  ATTN:  Nuclear  Energy  Division 
171-178  Technical  Information  Service,  Oak  Ridge,  Tenn. 
(Surplus) 


OTHER  DEPARTMENT  OF  DEFENSE  ACTIVITIES 

179  Asst.  Secretary  of  Defense,  Research  and  Development, 

D/D,  Washington  25,  D.C. 

180  U.S.  National  Military  Representative,  Headquarters, 

SHAPE,  APO  55.  c/o  FW,  New  York,  N.Y.  ATTN:  Col. 

J.  P.  Healy 

181  Director,  Weapons  Systems  Evaluation  Group,  OSD,  Rn 

2E1006,  Pentagon,  Washington  25,  D.C. 

182  Commandant,  Armed  Forces  Staff  College,  Norfolk  11, 

Va.  ATTN:  Secretary 

183-188  Commanding  General,  Field  Command,  Armed  Forces  Spe- 
cial Weapons  Fhroject,  PO  Boa  5100,  Albuquerque,  N. 
Mex . 

189-197  Chief,  Armed  Forces  Special  Weapons  Project,  PO  Box 
2610,  Washington  13,  D.C. 

198  Commanding  General,  Military  District  of  Washington 
Room  1543»  Bldg.  T-7,  Gravelly  Point,  Va. 

199-200  Commanding  General,  Field  Command,  Armed  Forces 

Special  Weapons  Project,  PO  Box  5100,  Albuquerque, 
N.  Mex.  ATTN:  Technical  Training  Group 
201-205  Technical  Information  Service,  Oak  Ridge,  Tenn. 
(Surplus) 


ATOMIC  ENERGY  COMMISSION  ACTIVITIES 

206-208  U.S.  Atomic  Energy  Commission,  Classified  Technical 

Library,  1901  Constitution  Ave.,  Washington  25,  D.C. 
ATTN:  Mrs.  J.  M.  O’Leary  (For  DMA) 

209-211  Los  Alamos  Scientific  Laboratory.  Report  Library,  PO 
Box  1663,  Los  Alamos,  N.  Mex.  ATTN:  Helen  Redman 
212-213  Sandia  Corporation,  Classified  Document  Division, 
Sandia  Base,  Albuquerque,  N.  Mex.  ATTN:  Martin 
Lucero 

214-215  University  of  California  Radiation  Laboratory,  PO  Box 
808,  Livermore,  Calif.  ATTN:  Margaret  Edlund 
216  Weapon  Data  Section,  Technical  Information  Service, 

Oak  Ridge,  Tenn. 

217-275  Technical  Information  Service,  Oak  Ridge,  Tenn. 
(Surplus) 


